Background: Reoperations after intertrochanteric fractures are often necessitated by fracture displacement following
Results: Only 3% (five) of 168 patients with an intact lateral femoral wall postoperatively underwent a reoperation within six months, whereas 22% (ten) of forty-six patients with a fractured lateral femoral wall were operated on again (p < 0.001). Multivariate logistic regression analyses combining demographic and biomechanical parameters showed a compromised lateral femoral wall to be a significant predictor of a reoperation (p = 0.010). Seventy-four percent (thirty-four) of the forty-six fractures of the lateral femoral wall occurred during the operative procedure itself. A fracture of the lateral femoral wall occurred in only 3% (three) of the 103 patients with an AO/OTA type-31-A1.1, A1.2, A1.3, or A2.1 intertrochanteric fracture compared with 31% (thirty-one) of the ninety-nine with an AO/OTA type 31-A2.2 or A2.3 fracture (p < 0.001).
Conclusions: A postoperative fracture of the lateral femoral wall was found to be the main predictor for a reoperation after an intertrochanteric fracture. Consequently, we concluded that patients with preoperative or intraoperative fracture of the lateral femoral wall are not treated adequately with a sliding compression hip-screw device, and intertrochanteric fractures should therefore be classified according to the integrity of the lateral femoral wall, especially in randomized trials comparing fracture implants.
Level of Evidence: Prognostic Level II. See Instructions to Authors for a complete description of levels of evidence.
perative procedures for the reduction and fixation of intertrochanteric fractures are technically challenging. Reoperation rates of 4% to 12% have been reported following the gold standard technique of fixation with a sliding compression hip screw [1] [2] [3] [4] [5] . The reoperations are usually performed to manage fracture displacement, including lateralization of the greater trochanter, excessive shortening of the sliding hip screw, and medialization of the femoral shaft, following mobilization of the patient. Several factors, including the biomechanical complexity of the fracture and the implant position, influence postoperative outcome [1] [2] [3] [4] [5] [6] . Some investigators have hypothesized that intertrochanteric fractures with involvement of the lateral femoral wall, anatomically defined as the lateral femoral cortex distal to the vastus ridge, are not treated adequately with a sliding compression hip screw [2] [3] [4] . Gotfried reviewed the results of twenty-four reoperations following fixation of intertrochanteric fractures with a sliding compression hip screw and found that a frac-O Disclosure: In support of their research for or preparation of this work, one or more of the authors received, in any one year, outside funding or grants of less than $10,000 from the IMK-Foundation. Neither they nor a member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial entity paid or directed, or agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with which the authors, or a member of their immediate families, are affiliated or associated. tured lateral femoral wall was the cause of the reoperations and, furthermore, that the fracture of the lateral femoral wall often occurred during the operative procedure itself 5 . The importance of an intact lateral femoral wall for postoperative fracture stability has not been investigated in a large patient cohort, to our knowledge.
The aims of the present study were to investigate the influence of the integrity of the lateral femoral wall on the rate of reoperations following treatment of intertrochanteric hip fractures with a 135° sliding compression hip screw with a four-hole side-plate and to determine whether some types of intertrochanteric fractures are particularly vulnerable to the occurrence of an intraoperative fracture of the lateral femoral wall.
Materials and Methods
wo hundred and sixty-three consecutive unselected patients were admitted to our hospital after sustaining an intertrochanteric fracture of the hip between September 2002 and July 2004. In the majority of the patients (220), the fracture was treated with a 135° sliding compression hip screw with a four-hole side-plate (HipLOC; Biomet, Warsaw, Indiana), and these patients were included in the present study. Other implants were used in forty-three patients. Six patients died prior to the postoperative radiographic examination, leaving 214 subjects for evaluation in this study.
The study was part of the hip fracture project at Copenhagen University Hospital of Hvidovre, Denmark. It was approved by the Danish data protection agency and Copenhagen ethical committee, which concluded that the nature of the study was such that written patient consent was not required.
All patients were managed with the department's specialized hip-fracture protocol 7 . The aim of this protocol is to optimize all aspects of surgery, anesthesia and analgesia, perioperative care, and rehabilitation connected with hip fractures according to evidence-based principles. The patients were operated on during the daytime with epidural anesthesia. Preoperatively, a single dose of 1.5 g of cephalosporin was administered intravenously. Postoperatively, low-molecular-weight heparin was administered until the patient was fully mobilized. The patients were admitted into a specialized hipfracture ward that was supervised by orthopaedic specialists subspecializing in traumatology. Mobilization was encouraged, beginning on the day of the surgery, in an intensive physiotherapy program with two daily sessions.
The patients were assigned an American Society of Anesthesiologists (ASA) physical grading score (a scale of 0 to 4) 8 and Parker's new mobility score (NMS, a scale of 0 to 9 with ≤5 designating an inhibited functional level) 9 . Radiographs were made preoperatively and on the first postoperative day for all patients. These images were used to classify the fractures according to the AO/OTA classification preoperatively ( Fig. 1)   10 and to assess the status of the greater and lesser trochanters and the lateral femoral wall postoperatively. The position of the sliding compression hip screw (tip-apex distance) was determined according to the method of Baumgaertner et al. 6 , and resultant fracture reductions were measured in millimeters on both the anteroposterior and the lateral radiographs.
The rate of reoperation within six months was registered from the Copenhagen social security database of patient journals and crosschecked with the Copenhagen radiographic database. Only reoperations due to technical causes were registered. The department's guidelines for performing a reoperation due to technical causes were: (1) subsequent fracture around the implant, (2) cutout of the sliding hip screw from the femoral head into the hip joint, or (3) progressive fracture displacement. The third criterion was defined as a displaced but still unhealed fracture in combination with loosening of the plate, maximum shortening of the sliding hip screw, and/or progressive migration of the sliding hip screw in the femoral head.
Statistical Analysis
Chi-square tests were used to analyze differences in demographic and clinical parameters between patients who were not operated on again because of technical failure and those who were. Differences in the median ages of these two groups of patients were analyzed with the Mann-Whitney test. Finally, demographic and clinical parameters that hypothetically influenced the rate of reoperation were entered into multivariate regression analyses. The level of significance was set at p < 0.05. All calculations were performed with use of SPSS 13.0 statistical software (Chicago, Illinois).
Results
ne hundred and fifty-three women and sixty-one men with a median age of eighty-three years (range, twentythree to 101 years) were entered into the study. Twenty-five (11.7%) of the 214 patients were reoperated on within the following six months. Two of these patients had the reoperation because of a new fall; one, because of hematoma formation that necessitated surgical drainage; and seven, because of superficial or deep infection. In the remaining fifteen patients, the reoperation was performed because of a purely technical failure: four patients had cutout of the retaining sliding screw, eight had progressive fracture displacement, and three had subsequent fracture around the implant. Table I summarizes data on the 214 patients according to the postoperative integrity of the lateral femoral wall. Postoperatively, 21% (forty-six) of the 214 patients had a fractured lateral femoral wall. We found no significant differences between the patients with and those without a fracture of the lateral femoral wall in terms of sex, age, NMS, or ASA score.
Twelve of the forty-six fractures of the lateral femoral wall that were identified on the immediate postoperative radiographs had been sustained preoperatively and classified as AO/OTA type 31-A3 (Fig. 1) . The other thirty-four fractures of the lateral femoral wall (74%) were known to have occurred during the surgical procedure itself as the lateral femoral wall had been intact preoperatively and the fracture had been classified as A1 or A2. Two hundred and two of the patients had sustained a 31-A1 or A2 fracture, and 3% (three) of the 103 who had an A1.1, A1.2, A1.3, or A2.1 fracture had an intraoperative fracture of the lateral femoral wall compared with 31% (thirty-one) of the ninety-nine who had had an A2.2 or A2.3 fracture preoperatively (p < 0.001).
Table I also shows that 22% (ten) of the forty-six patients in whom a fracture of the lateral femoral wall had been noted postoperatively were operated on again because of technical causes within six months compared with only 3% (five) of the 168 patients with an intact lateral femoral wall postoperatively (p < 0.001). Table II demonstrates that, in a multivariate logistic regression analysis combining sex, age, ASA score, NMS, postoperative status of the greater and lesser trochanters, fracture reduction, and implant position, the com- surgically with a sliding compression hip screw. Fig. 2 -A The lateral femoral wall is intact preoperatively. Fig. 2 -B The first postoperative radiograph, made after one day, shows a fracture through the lateral femoral wall at the site of the plate hole. Fig. 2-B promised integrity of the lateral femoral wall was the main independent risk factor for a reoperation (p = 0.010). The implant position (tip-apex distance) 6 was also found to have an important effect on the outcome (p = 0.023) in the multivariate regression analysis, although the effect was not significant in the simple regression analysis.
Discussion
eoperations after fixation of intertrochanteric fractures are often caused by technical failures following patient mobilization [1] [2] [3] [4] [5] . In this study, we found that a fracture of the lateral femoral wall resulted in an eight times higher risk of a reoperation due to a technical failure when the gold standard method of sliding compression hip-screw fixation was used. This effect was found with the implant position and fracture reduction taken into account.
As fracture impaction is the key to success when a sliding compression hip screw is used, the support from an intact lateral femoral wall is crucial biomechanically for a stable outcome. When the lateral femoral wall is fractured, the fracture line is parallel to the sliding vector of the sliding hip screw, which, as in the reverse oblique intertrochanteric fracture, allows the trochanteric and femoral head and neck fragments to slide laterally and the shaft to slide medially. The fracture complex subsequently disintegrates, with a high risk of failure including cutout of the screw into the hip joint (Figs. 2-A  through 2-D) .
The importance of preoperative integrity of the lateral femoral wall has previously been debated. In 1998, Hardy et al., in a randomized study of 100 patients with an intertrochanteric fracture, found less limb shortening in the group treated with an intramedullary nail than in those treated with a sliding compression hip-screw device, especially among those with an unstable intertrochanteric fracture 2 . In 2001, Haidukewych et al., in a retrospective study of fifty-five reverse obliquity intertrochanteric fractures, observed six failures of treatment of nine fractures (with involvement of the lateral femoral wall) treated with a sliding compression hip screw and found fixation with a 95° screw-plate device to be superior 3 . In a randomized study of thirty-nine patients with reverse obliquity and transverse intertrochanteric fractures, Sadowski et al. found an intramedullary nail to be superior to the 95° screw-plate device 4 . Like the study by Gotfried 5 , our study revealed that most fractures of the lateral femoral wall occur intraoperatively, usually when the large-diameter hole is drilled into the lateral femoral wall for the sliding hip screw (Figs. 2-A through 2-D) . A lateral wall fracture occurred in a third of the hips with the most vulnerable lateral femoral wall-i.e., in those with an AO/OTA type-31-A2.2 or A2.3 fracture, which lacks buttress support of the greater trochanter. Considering that this complication was seldom seen in association with the rest of the intertrochanteric fractures (A1.1, A1.2, A1.3, or A2.1), the surgeon has the opportunity to make a biomechanically correct choice of implant preoperatively on the basis of the AO/OTA classification, which addresses the integrity of the lateral femoral wall. It is, however, essential to divide the fractures into two categories: A1 to A2.1 or A2.2 to A3, and not just into A1, A2, and A3 fracture types as has been reported in most studies 1 . The simple treatment guideline should be: if the lateral wall or the greater trochanter is fractured, a sliding hip screw should not be used. While awaiting larger randomized studies of other implants, we recommend treating simple intertrochanteric fractures (A1 to A2.1) with a sliding hip screw fixed to a side-plate and treating more complex intertrochanteric fractures (A2.2 to A3) with a sliding hip screw fixed to an intramedullary nail. This recommendation is based on the results of the present study, the study by Haidukewych et al. 3 , and the randomized studies by Hardy et al. 2 and Sadowski et al. 4 . We agree with Hardy et al. that it is most likely that the intramedullary nail stops the telescoping displacement of the fracture by directly blocking the lateralization of the head-neck fragment.
These randomized studies are also referred to in the latest Cochrane review comparing intramedullary and extramedullary devices 1 . However, as intertrochanteric fractures are most often only divided into type-A1 or A2 and type-A3 categories, the intraoperative fractures of the lateral femoral wall in the patients with a type-31-A2.2 or A2.3 fracture could be a confounder in studies that, for example, compare the sliding compression hip screw with an intramedullary nail device.
Intertrochanteric fractures remain technically challenging. A correct classification is essential for defining the optimum operative methods. Intertrochanteric fractures should, in our opinion, be classified according to the integrity of the lateral femoral wall, especially in future randomized trials comparing operative procedures. Fractures that include involvement of the lateral femoral wall preoperatively or that have the potential for such a fracture intraoperatively are probably not sufficiently treated with a sliding compression hip screw but should be managed with other methods.
